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(54) Aqueous slurry precipitated calcium carbonate and ground calcium carbonate in 
combination 



(57) Proposed is a method for the preparation of an 
aqueous slurry of calcium carbonate particles suitable 
as a base pigment in the preparation of a paper coating 
composition having excellent water retentivity and high 
solid concentration with good flowability which contains 
precipitated and ground calcium carbonate particles in 
combination in a specified weight proportion and char- 
acterized by several parameters The aqueous slurry is 
prepared in a process comprising the steps of (a) sub- 



jecting an aqueous slurry or wet cake containing a spec- 
ified amount of specific precipitated calcium carbonate 
particles to a primary dispersing treatment using a mixer 
to a specified extent ib) admixing the aqueous slurry 
with a specified amount of specific ground calcium car- 
bonate particles (O subjecting the aqueous slurry to a 
secondary dispersing treatment using a mixer to a spec- 
ified extent and (d) subjecting the aqueous slurry to a 
tertiary dispersing treatment using a sand grinder to a 
soecmea extent 
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Description 

BACKGROUND OF THE INVENTION 



5 The present irvention relates to an aqueous slurry of calcium carbonate particles and a method for the preparation 

thereof More particularly the invention relates to an aqueous slurry containing precipitated calcium carbonate particles 
and ground calcium carbonate particles in combination and exhibiting an outstandingly low high-shear viscosity and 
excellent high-soeed flowability despite the relatively high solid concentration sc as to be useful as a base composition 
for the preparation of a caper coating composition capable of giving coated paper sheets including coated paper 

>o sheets such as art paper genera -purpose coated paper. Iignt-eoatec paper medium-coated paper and reclaimed 
coated paper thermosensitive recording paper pressure-sensitive recording paper ink-jet recording paper PPC paper 
and thermotransfer paper exhibiting excellent printaoility and printing glossiness as printed as well as a method for 
the preparation of such an aqueous slurry of calcium carbonate particles 

In recent years production of coated paper products is under growing year by year and the growth of production 

is is particularly remarkable for coated paper products of A2 A3 B2 and B3 grades as well as light weight-coated paper 
Along with the progress n paper-making machines and paper-coating machines for a higher and higher running 
velocity in recent years technology innovation is now under way for blade coaters as a type of paper-coating machines 
Accordingly, wnile the r unning velocity of conventional paper coating machines is around 1000 to 1 500 meters/minutes 
a higher -unnmg velocity exceeding 1500 meters/minute is now within view for modern paper-coating machines to be 

20 newly installed 

Needless to say sucn a high running velec ty of the paper coating process cannot be accomplished by the progress 
of the paper-coating machines only but improvements of the paper coating compositions are indispensable relative to 
the Theological properties such as lower viscosity or consistency and higher flowability to comply with the high-speed 
running of the paper-coating machine as well to the solid concentration thereof which should be as high as possible 
25 m order to decrease the load on the drying machines while the requirements tor 'he lower viscosity and higher solid 
concentration in an aqueous paper coating composition are sometimes contradictory. 

In the paper coat ng process by using a b ade coater mentioned above, the paper coating composition applied to 
'he surface of the running base paper web is subjected to a large shearing force so that poor Theological properties of 
the paper coating composition results m appearance of stnations m the coating layer on the coated paper sheet Ac- 

3Q cordmgiy a primary requisite for a paper coatmg composition used in a blade coater is that the coating composition 
nas a low viscosity even under a high shearing force, i.e. high-shear viscosity to exhibit good h-gh-speed flowability 
even when the solid concentration thereof is relatively high 

As is known an aqueous paper coating composition for coated paper is an aqueous slurry of an inorganic pigment, 
such as clay e g.. kaolin clay, precipitated calcium carbonate ground calcium carbonate titanium dioxide and satin 

25 white either aione or as a combination of two kinds or more, dispersed in an aqueous medium containing a watersoluble 
resin as a binder of the pigment particles together with other optional additives Since a paper coating composition 
containing kaolin clay atone as the pigment is sometimes inferior in respect of the high-speed flowability for example, 
it is a usual practice thai a slurry of kaolin is admixed with a slurry of calcium carbonate particles to prepare a paper 
coating composition in order to improve the high-speed flowability of the composition 

40 A high solid concentration of a paper eoaVng composition is jsually accomplished by increasing the content of the 

pigment in the pigment slurry Pigment slurries typically employed in the oreparation of a paper coating composition 
include a slurry of kaolin clay having a solid concentrat on of 60 to 75% by weight prepared by cowless dispersion, a 
slurry of dry-ground calcium carbonate further ground in a wet process having a solid concentration of 70 to 90% by 
weight and a slurry having a solid concentration of 60 to 70% by weight prepared by dispersing a dry powder or wet 

J 5 cake of precioitated calcium carbonate in water 

The formulation of paper coating compositions relative to the pigment is though dependent on the grade of the 
coated paper product type of the base paper web desired coating amount and other factors usually in the range from 
50 to 95% by weight for a clay pigment and from 5 to 50% by weight for a calcium carbonate pigment The calcium 
carbonate pigment is selected depending on the intended application field and grade of the coated paper product from 

50 ground calcium carbonate precip tated calcium carbonate and mixtures of these two types of calcium carbonate pow- 
ders m an appropriate mixing proportion 

Clay pigments are graded into several classes including class 1 . class 2. delammation class and the like depending 
on various factors such as place of occurrence as a natural mineral and the like It is usual that a paper coating com- 
position is prepared by using the class 1 and class 2 clay pigments in combination 

55 Ground calcium carbonate pigments are graded into #95. #90 #75 and #60 for wet-process slurries and into #2200 

^2000 #1500 #600 and #100 for dry-ground powders It is usual that a eaper coating composition for undercoating 
is prepared using a coarse-grade calcium carbonate pigment and top-coating composition is prepared using a fine- 
grade pigment In particular paper coating compositions used in high-speed coating machines are usually prepared 
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■ fom a siurry of 70 to SO"., send concent frit ion cf wet -ground calcium camonate of the « Q 5 .-in a ~°0 grades for top 
coating ana A'Ct-ground calcium carbonate of -75 arid "60 grades fcr undercoating 

Precipitated caicium carbonate piqments are sold on the market m the form of an aqueous slurry and dry powder 
hrivmq different p article si/os m wmch the particles have a scalenchedral i -:■ rosette-shaped c spindle-formed rhom- 
? bohedrai pr smatic or acicular configuration Aqueous slurries c- 60 to 7%o solid concentration having somewhat 
improved h' an -speed flowability characteristics are usually employee m a Dn:c ccatinq compos it on for the prepaiafon 
o: coated paper of the A2 A3 B2 and B3 grades nnd lignt weight-coated paper -s coated printing paoer 

When ire wmtenoss of the ease paper s relatively low when .ntended coating amount is small when a high 
Glossiness is des-red or when good prmtability of the c catcd paper is es serMiai it is a preferable way to use a precipitated 
calcium carcona'e pigment alone in many cases in combination with a ground calcium carbonate pigment because 
precipitated :-ilc:um carbonate p gments well mee' these recuiromerv.s 

An aquocus slurry cf a precipitated calcium caroonatc piqrmen: however has a problem -is compared with ground 
calcium car bona- e pigments that the slurry of the 'ormer p iqmerv is inferior in *nc nigh-speed % wability behavior when 
t~e solid concentration is dertical so that a paper coating compos. tion prepared trom a precipitated calcium carbonate 
p gment can hardly he used in high-speed coating mach ncs 

In view of the above described problem a proposal has been made in J panose Fatent Kokai 57 1 84430 in order 
to obtain an ^guoous s-u'ry o: high solid concentration hem a precipitated :alc urn carbona'e pigment for a method 
'O which an aqueous slurry of 6(3 to 50% by weight solid concentration is prepared by using a combination of two 
powders of prec ipitated calcium :arbonate having different partic e diameters with admixture of an inorganic electrolyte 
-0 such as sale um nydioxide In this method for example a viscosity-reducir g agent ana calcium hydroxide are added 
and dispersed in an aqueous slurry of a precipitated calcium carbonate pigment followed by additional admixture of a 
powder of orecio tated calcium carbonate and calcium hydroxide to make up a slurry of 7 3 to 72% so' d concentration 
The aqueous s urry erepared by this method is naturally expensive oecause of the use of a dry calcium carbonate 
powder as a^ ad|uvant and the high-shear viscosity is as hign as 230 to 490) ceritipoise due tc the mixing process by 
^sing a stirrer 

A methec is propesed in Jap anese Patent Kokai 54-1 20709 according to which a calcium caroonate slurry suitable 
*or paper quality improvement is prepared by introducing a powder of ground calcium carbonate and slurry of precip- 
tatec ca'cium carbonate into a "iqh -speed mixer and men sively mixing the elend The slurry obtained by this method 
however has a disadvantage in respect of the low oaper qua i-y such as white p-ioer glossiness and a slurry of a high 

JO solid concentration ot 75% by weight or higher can hardly be obtained as compared with slurries of wet-ground calcium 
carbonate currently under pract cal use in many paper manu'ac'.urers 

With an ob|ect to improve %e high-speed flowability of an aqueous siurry of ground calcium carbonate and to 
uograde the qua ; ity of the coated paper such as white-paper glossiness to oe comparable witn that by us^nq a slurry 
of precipitated calcium carbonate a proposal has been made in Japanese Patent Publications 55-11799 1-15640 

Jf5 a-3373" 1 anc 6-45010 and Japanese Patent Kokai 57-30555 and 63-225522 according tc which a dry-ground calcium 
carbonate powder is suoiected to wet-grinding in a sand grinder This method has been develcped so far as to furnish 
an aqueous s urry of wet-ground calcium carbonate having a soli a concent. 'at ion :t 70 to 75°<> by increasing the degree 
ot grinding to accomohsh a finer average particle diameter with a decreased amount ot coarser particles resulting in 
an improvement in *.he white-paper glossiness of coated paper products 

^0 When companscn i s made 'or a slurry of wet-ground calcium carbc nate -of ::Q, \ ] or ~ ; °5 grade wth that of precipitated 

calcium Carton -i:e reiat ve to the quality of coated papo r however *hc coated paper -s generally nfenor in the white- 
ness white -pa per gloss ness and prmtability sucn as in k receptivity an ~j ink sc n ng tnouqh equivalent printing glossiness 
can be obtained As a consequence of the fine grinding in addition the BE^ specific surface area of the powder is 

■ ncreased sc much necessitating an increase in the amicuni of the dispers nq agent w th an increase in the high-shear 
45 viscosity and dec rease «n the hign-speed flowabil.tv as well as a decrease in the surface strength of the coated paper 

which requires an increase m the amount of the binder in the prcpaMtion of pacer coating compositions 

SUMMARY ~F T HE INVENTION 

?o T he presen* .nver tion accor amgly has an ooject to provide w th an oc ject to s olve 'he problems in the conventional 

■aqueous slumes of pmcipitated :alcrum carbonate ground calcium carbonate or a combination of both used in the 
preparation of paper coating compositions an aqueous slurry of m xcd calcium carbonate having a low high-shear 
'.iscosity and exhibiting excellent high-speed flowability even with a relatively n qh stolid concentration and a method 
'or the prepa r a f ion thereof as well as a paper coating composition capable of giving coated paper products having 

^ excellent cpticai properties ana prmtability 

Thus the aouoous slurry of calcium carbonate provided by tnc present invention is an aqueous slurry containing 
'rom 70 to r5 \. oy weight of a combination of par tides of precipitated ca icium carbonate and particles of q round calcium 
carbonate in a weiqht proportion in the range from 20 60 to 60 2C of which the median diameter of the particles is in 
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the range from 0 2 to 2 0 um and the BET specific surface area is in the range from 5 to 25 m 2 -g and having a viscosity 
not exceeding 100C centipoise at 25 3 C and a high-shear viscosity not exceeding 200 centipoise at 25 D C 

The above defined aqueous slurry of calcium carbonate particles is obtained by a method which comprises the 
steps of 

(a) subjecting an aqueous slurry or a dehydrated wet cake of precipitated calcium carbonate with admixture of a 
viscosity-reducing agent having a solid concentration in the range from 25 to 75°<> bv weight to a primary dispersing 
treatment by using a mixer to such an extent that the calcium carbonate particles have a median diameter in the 
range from 0 2 to 3.0 ^im and the slurry has a viscosity not exceeding 1000 centipoise 

(b) adrrvxing the 3:urry with particles of dry -ground calcium carbonate having a median diameter in the range from 
1 5 to 30 0 urn in such an amount that the weight croportion of the precipitated calcium carbonate to the ground 
caicium carbonate is in the range from 20. SO to 60 20 and the solid concentration of the slurry is in the range from 
60 to 35°o by weight: 

ic) subjecting the slurry to a secondary dispersing treatment by using a mixer to such an extent that the slurry has 
a viscosity not exceeding 1000 centipoise at 25 °C and 

Cd' f subjecting the slurry to a tertiary d\spersmg tieatment in a sand grinder to such an extent that the median 
diameter of the calcium carbonate particles s m the range from 0 2 to 2 0 urn 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As is descr bed above the aqueous slurry of calcium carbonate is characterized by the specific combination of 
precipitated and ground calcium carbonate particles having soecified median diameter and BET specific surface area 
in a specified solid concentration and by the soecific viscosity and high-shear viscosity. Incidentally the median diameter 
of particles is determined by using a laser granulomere testing instrument and the viscosity of the slurry s determined 
by using a Brookfielc viscometer at 25 °C 

Namely the ^nventive aqueous slurry of caicium carbonate particles contains from 70 to 35°o by weight or pref- 
erably from, 70 to 80% by weight of a combtnaticn of precipitated calcium carbonate particles and ground calcium 
carbonate particles in a weight proportion in the range 20 30 to 60:20 or. preferably from 51 49 to 70 30 the combination 
of calcium carbonate particles having a meaian diameter m the range from 0.2 to 2.0 um or preferably from 0 3 to 1 5 
urn and a BET specific surface area in the range from 5 to 25 m 2 /'g or. preferably from 7 5 to 20 m 2 /g. and having a 
viscosity at 25 3 G not exceeding 1 000 centipoise or preferably, not exceeding 500 centipoise and a high-shear viscosity 
at 25 -C not exceeding 200 centipoise or preferably not exceeding 100 centipoise As to the particle size distribution 
of the calcium carbonate particles the frequency of the particles of 7 5 um or larger or. preferably. 5 3 um or larger by 
the laser granulometry should be zero The inventive calcium carbonate slurry exhibits a wire abrasion not exceeding 
70 mg or in particular not exceeding 60 mg 

The above aescr-bed aqueous slurry of calcium carbonate can be prepared by a process which comprises the 

steps of 

(ai subiecting an aqueous slurry or a dehydrated wet cake of precipitated caicium carbonate particles with admix- 
ture of a viscosity-reducing agent having a solid concentration in the range from 25 to 75°o by weight to a primary 
dispersing treatment by using a mixer to such an extent that the calcium carbonate particles have a median diameter 
in the range from 0 2 to 3.0 urn and the slurry has a viscosity not exceeding 1000 centipoise 
<b) admixing the slurry with dry -ground calcium carbonate particles having a median diameter in the range from 
1 5 to 30.0 um in such an amount that the weight proportion of the precipitated calcium carbonate to the ground 
calcium carbonate is in the range from 20:30 to 50 20 and the solid concentration of the slurry is in the range from 
60 to 35% by weight: 

:c) subjecting the slurry to a secondary dispersing treatment by using a mixer to such an extent that the slurry has 
a viscosity not exceeding 1000 centipoise at 25 3 C and 

(d) subjecting the slurry to a tertiary dispersing treatment in a sand grinder to such an extent that the median 
diameter of the calcium carbonate particles is in the range from 0 2 to 2.0 um 

By virtue of the specific dispersing treatments the aqueous slurry of calcium carbonate containing precipitated 
and ground calcium carbonate particles in combination in a specified proportion is free from coarse particles of ground 
calcium carbonate to such an extent that the frequency of particle size distribution determined by the laser granulometric 
measurement is substantially zero for particles of 7 5 um or coarser or in particular 5 3 um or coarser 

The aqueous slurry or dehydrated wet cake of precipitated calcium carbonate particles containing from 25 to 75°o 
by weight of solid matter used as the starting material in the inventive method includes the reaction slurry obtained by 
introducing a carbon dioxide-containing gas into a lime milk and a thickened slurry or dehydrated cake obtained by 
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subjecting the dOovo mentioned reaction Slurry to concentration by dehydration or cy squeezing under pressure ac- 
cordinq to a conventional method as wen ds semi-dry calcium caroonate powder obtained by dehydration or drymq 
.i'ia a slurry obtained by re-s urrymg tne dehydrated cake or semi-dry powaor m Writer 

The pnrticie configuration of the precipitated calcium carbonate particles is not oaiticuiarly limitative including spirv 
^ die-formed polyhedral columnar and agglomerated particles of wmch spmdic -formed particles are preferred The 
dehydration treatment of an aqueous slurry of precipitated calcium caroonate ran oe oerfoimed by a conventional 
method using various types of dehydrating machines including pressuri/inq dehyd'atinq machines such as filter press 
and belt press vacuum-drum dehydrannq machines such as Oliver filter and centrifugal dehydrating machines such 
as decanters The pr essum-squee/inq treatment is performed by using a machine suitable for concurrent dehydration 
.ind granulation such as belt p-ess and granulating rollers 

In the first step of the mverv ive method the above mentioned aqueous slurry or dehydrated wet :ake with admixture 
of a visccsity-reducinq agent is subjected to a primary dispersing treatment by us-nq a mixer 

The abeve mentioned viscosity-reducing agent can be any of conventional viscosity-reducing agents used in the 
preparation of an aqueous dispersion of a pigment in the prior art Examples of suitable viscos-ty-reducmg agents 
1 ^ include poly oarboxylic acid sucn as a homopolyrner or copolymer of maleic acid itaconic acid acrylic acid and the like 
or saits thereof The amount of the visccsity-reducinq agent added to the siurry or dehydrated cake is in the range 
Mom 0 1 \o 3 O' o by weight or preferably from 0 3 to 1 5°<> oy weight cased on the amount of the calcium: carbonate 

The primary dispersing treatment is a mixing treatment unaertaken by using a mixer such as cowless mixers and 
agitating disocrsers The primary dispersing treatment is performed to such an extent that the calcium carbonate par- 
~0 tides have a median diameter in the range from 0 2 to 3 0 urn by the : aser grarulcmetric measurement and the aqueous 
slurry has a v scosity not exceeding 1C00 centipoise at 25 3 C 

in the next step the aquecjs slurry of precipitated calcium carbonate particles obtained by the primary dispersing 
treatment is admixed with particles of dry-ground oa'Cium carbonate having a median diameter in the range from 1 5 
to 30 0 .im or preferably in 'he range from 1 5 to 20 urn ^he dry -ground calc jm carbonate can be a conventional 
~s dry-ground ;alcium carbenate for paper making use or that used as a start. ng material in the preparation of a wet- 
ground raldurn carbonate for paper making use The amount of the particles of ground calcium caibonate is such that 
the resultam aqueous slurry :ontains I rem 60 to 85°o by weight of the calcium carbonate particles as a total and the 
weight proportion of the precipitated calcium carbonate particles tc the ground calcium carbonate particles is in the 
range from 20 80 to 80 20 or preferab y from 30 70 to 70 30 or more preferably from 51 49 to 70 30 

The aqueous slurry admixed with particles of ground calcium ca r Donate is then subjected to a secondary dispersing 
treatment preferably with acmixture c' a viscosity-reducing agent by using a mixer such as cowless mixers and agi- 
sting d spe-sers The secondary dispersing treatment is performed to such an extent that the acueous slurry has a 
v.scosity noi exceeding 1000 centipoise ana the calcium carbonate particles contained therein have a BET specific 
sjrface area n the range from 3 to 15 m- g or preferably Torn 4 to 14 m- 2 g 

The abeve described primary and secondary dispersing treatments are performed preferably in the same vessel 
as success ve steps 

The aqueous slurry ot calcium carbonate particles obtained by the secondary dispersing treatment is subjected to 
a tertiary dispersing treatment which is a sand grinding treatment performed by passing the aqueous slurry through a 
sand grinding mill such as sand mills sand grinders attnters Damo mills pin mulls and the like The beads as the 

-e j/ nding medium can be glass Deads or ceramic oeads having a diameter in the range from 0 5 to 5 mm or preferably 
'rem 0 7 to 2 ,v, m It is preferable that 2 to 4 runs of tnis sand grinding treatment a r c repeated to complete the tcrtia r y 
d speising treatment This is because when the sand grinding machine is operated under a reduced discharge rate 
rsteao" an ncrease is sometimes caused m the viscosity of the slurry under treatment It is also preferable that the 
aqueous slurry under the '.ertiary dispers ng treatment is admixed with a viscosity-reducing agent Tne tertiary dispers- 

J ? rg treatment is undertaken to such an extent that the calcium carbonate particles contained in the slurry have a BET 
specific surface area in the range from 5 to 25 m 2 g or preferably horn 7 5 to 20 m-g 

The aqueous slurry cf calcium caroonate according tc the present invention can be used as such as a pigment 
composition f jr paper making although it is optional that the inventive aqueous slur ry is admixed with various kinds of 
additives conventionally used in pigment compositions for paper making For e<ample the inventive aqueous slurry 

?o o' calcium carbonate can be admixec with one or mom kinds of ether pigments such as clay kaolin talc titanium 
d oxide and satin white to give a combined pigment composition for paper making The amount of addition of these 
additional pigments is m the range usually from 5 to °5°o by weight or in most cases from 10 to Q 0°o by weight based 
on the total amount of the slurry after admixture thereof 

In the fc Mowing the present invention is described in more detail by way of E <amplcs and Comparative Examples 

^ which however never limit the scope of the invention in any way In the following examples the term of "parts" always 
refers to "pan's by weight" Evaluation of the calc urn carbonate slurry prepared in the examples was performed for the 
following properties by the resbective testing procedures described there 
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Median diameter of calcium carbonate particles 

The median diameter of particles which is an average particle diameter of the particles was determined by using 
a laser granulomere tester f Model Microtrac SPA II manufactured Nikkiso Co ) 

(2) SEM particle diameter 

A scanning electron microscopic photograph was taken for 50 to 1 00 particles of calcium carbonate and the longer 
and shorter axes of the particles were determined on the photograph by using a Desimatic Caliper to calculate the 
io average of the values as obtained 

(3) Viscosity of slurry 

Measurements were made at 25 3 C by using a Brookfield viscometer with a rotor rotating at 60 rpm 

? 5 

(4) High-shear viscosity 

Measurements were performed by using a high-shear viscometer (Model Hercules HR-S01C manufactured by 
Kumagai Riki Kcgyo Co.) with a F-bob rotating at 4400 rpm for an aqueous slurry of calcium carbonate and rotating 
20 at 5600 rpm for a paper coating composition 

(5) BET specific surface area 

A small portion of the aqueous slurry was dried by heating at 105 3 C for 24 hours to give a dried mass which was 
25 disintegrated in a coffee mill to give a powder which was subjected to the measurement of the specific surface area 
by using an instrument (Model Flow Sorb II 2300. manufactured by Shimadzu Seisakusho Co ) 

(6) Wire abrasion 

so Amount of abrasive wear of a plastic filament was measured by using an abrasion tester (manufactured by Nippon 

Fiicon Co.) for a testing time of 3 hours with a diluted slurry of 2°o by weight solid concentration 

(7) Solid concentration of slurry 

35 Measurement was made by using an infrared moisture tester (Model Mettier LP-1 0 manufactured by Mettler Co ) 

(3) Smoothness cf coated paper. Smooster 

Measurements were made according to Japan TAPPI No 5 

40 

(9) Smootheness of coated paper Bekk 

Measurements were made according to JIS P 8119 
^5 (10) Air permeability 

Measurements were made according to JIS P 6117 

(11) Whiteness of coated paper 

so 

Measurement was made according to JIS P 31 23 

(12) Opacity 

55 Measurement was made according to JIS P 51 36 
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■■ 1 3 White t-iccr glossiness of coated Qaocf 

Measurement Was made according to 'ho procedure specified n JlS P 3142 
5 M4i Punting qiossincss on coated paper 

Measurement was made according to img pr ocoduro spocitioa in Jl S P 3 1 42 by using 0 4 ml of a pr mtinq ink TK UG- 

fO 

i 1 5 ) Ink sotting 

Transfer of printing ink from a printed paper sheet was evaluated by usinq a Hunter whiteness tester 
! 1 5 ) K & N Ink -eccptivity 

Measurement whs made according to the procedure spooned in Japan TAPPI No 46 
(17) Rl strength dry pick 

-0 Printing was performed 50 times by using a Rl -2 prmtabiiity tester and the condition of the paper surface was 

visually exam-nod to record the results of paper surface picHnq in live ratings o' 5 to 1 the rating 5 being the best 

1 1 5 ) Rl strength wet pick 

25 Printing was performed on the coated paper *vet with water rind the condition of the paper surface was visually 

examined to record the results of paper surface picking in live ratings of 5 to 1 the rating 5 being the best 

Comparative E<ampic 1 

-V An aqueous slurry containing 3'C by weight of orecipita'cd calcium carbonate particles of scalcnohedral particle 

configuration n-iving a median diameter cf 2 5 urn and SEM particle diameters of 0 3 urn and 0 2 urn for the longer 
and shorter axes respectively was dehydrated by using a screw decanter into an aqueous slurry cf 40°<> by weight 
sond concentration which was further dehydrated oy using a celt press to give a dehydrated cake having a solid con- 
centration of 65 °o by weight This dehydrated cake was adrmxed with a sodium polyacrylate-baseo viscosity-reduc:ng 

25 agent (Alon T-40 a product by Toa Gosei Co ) in an amount of 1 0 ( C by weight on the solid basis and agitated for 5 
m nutes by using a cowless mixer at a per-pheral velocity of 25 m second to give an aqueous slur r y of the precipitated 
calcium carbonate Table 1 below shews the solid concentration pH Brookfield viscosity high-shear viscosity median 
particle diameter BET specific surface area and wire abrasion of th-s aqueous slurry 

A paper coating composition was prepared by admixing 100 parts of the above prepared aqueous slurry with 3 

~o parts of starch Nisshoku ?4600) 1 2 Darts of an SBR latex of 5Q°o solid concontrat on [JSR 0692 a product by Japan 
Synthetic Rubber Co i and 1 5 parts ct cacium stearate jNoc-coat C 104) as a lubricant followed by further addition of 
water and ammonia water to make up a s:hd concentration cf 55 ( C by weight and to effect adjustment of the pH value 
Taoie 2 below shows the solid concentration pH viscosity and high-shear viscosity of this paper coating composition 
Woodfroe paper having a basis weight of 54 g m 2 as a base pacer web was coated with this paper coating com- 

-5 position by manual working using a coating rod followed by drying at 105 ^C for 2 minutes and -i supercalendering 
1 f eatment unde r the conditions cf l 00 kg cm of linear pressure 105 3 C of temperature 3 m minute of tr eat men t velocity 
and 2 times of nipping to give a coated paper sampse Tabic 3 ooiow shews the r esults of the evaluation tests undertaken 
tor this coated paper sample 

50 Comparative Example 2 

An aqueous slurry of precipitated calcium carbonate obtained n the same formulation and in the same manner as 
■n Comparative Example 1 was admixed with dry-ground "ale-urn carbonate particles having a median diameter of 5 3 
urn (Escalon -100 a product by Sankyo Seifun Co t \n an amount to give a weight ratio of the precipitated calcium 
25 carbonate to ground caelum carbonate of 55 45 under aqitat on in a cowless mixer at a peripheral velocity of 25 m 
second as preceded by the addition of a d spersinq aqent (Alon T-40 supra) in an amount of 0 3".. by weight based 
on the amount of the ground calcium carbonate and followed by further continued agitation for 1 j minutes tc give an 
aqueous slurry of precipitated and ground calcium carbonate powders in combination The results of testing of this 
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aqueous slurry arc shown in Table 1 

A paper coating composition was prepared by using this aqueous calcium carbonate slurry in the same manner 
as in Comparative Example 1 of which the results of testing are shown in Tacle2 further this paper coating composition 
was used in the preparation of coated paper samples in the same manner as in Comparative Example 1 and the results 
s cf the evaluation tests of the coated paper samples are shown m Table 3 

Example 1 

7he experimental procedure was substantially the same as in Comparative Example 2 except that the aqueous 
w slurry of precipitated and ground calcium carbonate powders in combination prepared in the same manner as in Com- 
parative Example 2 was further subjected once to a tertiary dispersing treatment by using a sand grinder (Model SLG 
1 2 manufactured by Aimex Co ) 30% tilled with glass beads of 1 5 mm diameter at a discharge rate of 0 4 liter minute 
and a penpneral velocity of 5 m/second to give an aqueous calcium carbonate slurry of the invention 

The results of the evaluation tests for the aqueous calcium carbonate slurry the paper coating composition pre- 
15 pared by using the slurry and the coated paper samples are shown in Tables 1 to 3 

Example 2 

The experimental procedure was substantially the same as in Example 1 except that the sand grinding treatment 
20 of the aqueous slurry was repeated twice instead of once under the same operating conditions 

The results of the evaluation tests for the aqueous calcium carbonate slurry, the paper coating composition pre- 
pared by using the slurry and the coated paper samples are shown in Tables 1 to 3. 

E <ample 3 

The experimental procedure was substantially the same as in Example 1 except that the sand grinding treatment 
of the aqueous slurry was repeated three times instead of once under the same operating conditions 

The results of the evaluation tests for the aqueous calcium carbonate slurry, the paper coating composition pre- 
pared by using the slurry and the coated paper samples are shown in Tables 1 to 3 

30 

Comparative Example 3. 

The experimental procedure was substantially the same as in Comparative Example 1 except that the aqueous 
slurry of precipitated calcium carbonate obtained in the same manner as in Comparative Example 1 was subjected 
35 once to the same sand grinding treatment as in Example 1 

The results of the evaluation tests tor the aqueous calcium carbonate slurry, the paper coating composition pre- 
pared by using the slurry and the coated paper samples are shown in Tables 1 to 3 

Comparative Exampte 4 

40 

The experimental procedure was substantially the same as in Comparative Example 1 except that the aqueous 
calcium carbonate slurry was prepared by blending the same ground ca:cium carbonate as used in Comparative Ex- 
ample 2 {Escaion #100 supra) water and the dispersing agent (Alon T-40 supra) in an amount of 0 3% by weight 
based on the calcium carbonate in a cowless mixer for 5 minutes 
45 The results of the evaluation tests for the aqueous calcium carbonate slurry, the paper coating composition pre- 

pared by using the slurry and the coated paper samples are shown in Tables 1 to 3 

Comparative Example 5 

so The experimental procedure was substantially the same as in Comparative Example 4 except that the aqueous 

slurry of ground calcium carbonate obtained in the same manner as in Comparative Example 4 was subjected once 
to the same sand grinding treatment as in Example 1 

The results of the evaluation tests for the aqueous calcium carbonate slurry the paper coating composition pre- 
pared by using the slurry and the coated paper samples are shown in Tables 1 to 3 

55 

Comparative Example 5 

The experimental procedure was substantially the same as in Comparative Example 5 except that the aqueous 
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slurry of ground calcium carbonate obtained m trc same manner ;is -n Comparative Example 4 was suojected twice 
instead of once to the snmc sand gnncnq treatment -is -.n Example * 

The results of the evaluation tests for the dGuCCus oa'aum catbena'e slurry the pnper coating composition pre- 
pared by using the slurry and tne coated paper samples am shown m Cides 1 to 3 

Z omparative E<arnple 7 

Tne experimental procedure whs substantially the same as in Comparative Example 5 except that the aqueous 
slurry of ground calcium earocnato obtained in the same manner ns in Comparative Example 4 was subjected three 
t rnes instead of once to the same sand grinding treatment as m Example 1 and the discharge rate in the sand grinder- 
was C 2 liter -minute instead ef 3 4 liter minute 

Tne results of the evaluation *.ests for the aqueous calcium carbona'e slurry fe paper coating composition pre- 
pared by using the slurry and tne coated paper samples are shown in Taoles 1 to 3 

' 5 Comparative Example 6 

An attempt was made to prepare an aqueous slurry of precipitated and ground :alcum carbonates having a solid 
concentration of 76°o by weight by mixing in a cowiess mixer at a peripheral velocity of 25 m<socond an aqueous 
slurry of precip-tated calcium carbonate particles of 65 ( C by weight solid concentra' on obtained ir the same manner 
-0 as in Comparative Example 1 with watei dry-ground calcium carbonate particles • Esc a on -MOO supra j in an amount 
to give a weiqnt ratio of the orecipitated calcium carbonate to ground cacium carbonate of 55 45 and the dispersing 
agent (Alon T-4Q supra) m a total amount corresponding to "\> by weight of the precipitated calc um carbonate and 
0 3°n o* the ground calcium carbonate Tne result was that the mixtuie was in the form of a gelled mass and not in the 
torm of an aqueous slurry 

C omparative Example 9 

Tne experimental procedure was substantially the same as in the preceding examples except that the aqueous 
calcium carbonate slurry contained precipitated and grc una calcium zarbonates in combination as prepared by blending 
me aqueous slurry of precipitated calcium carbonate particles obtained in the same manner as in Comparative Example 
3 and tne aqueous slurry of ground calcium carbonate particles obtained m the same manne r as ;n (Comparative Ex- 
ample 7 m such a proportion that the weight ratio of precipitated calc sum carbonate to ground calcium carbonate was 
55 45 and subjecting the mixture to a dispersing treatment n a cowiess mixer at a ooripherai velocity of 25 m second 

The results of the evaluation *ests for the aqueous calcium carbona-e slurry the paper coating composition pre- 
^ pared by using the slurry and tne coated paper samples are shown in Tables 1 to 3 

Comparison of the above described Comparative Examples a-'d Examples leads to the following conclusions 
Namely an aqueous slurry of orecipitated calcium carbonate alone cannot be prepared in a sufficiently high solid 
concentration and this difficulty cannot be overcome by merely bleeding aqueous slurries of precipitated and ground 
calcium carbonates An aqueous slurry of ground calcium carbonate alone even after repeated dispersing treatments 
-0 cannot give a paper coating composition from which coated paper ot high whiteness high white-paper qlossmess and 
hiqn or.ntmq glossiness can be obtained Further even an aqueous slurry ot precipitated and ground calcium carbon- 
ates m combination exhibits qrcatly increased wire abras on when the sand grinding treatment as the tertiary dispersing 
treatment is not undertaken In contrast tncreto the sol d concentrat'on in the aqueous slurries according to the present 
invention can be as high as in an aqueous slurry of ground calcium carbonate alone and still the aqueous slurry besides 
a decrease in the wire abrasion gives a baper coating composition by use of which coated paper having white-paper 
glossiness as high as in coated paper obtained from an aqueous slurry of precipitated calcium carbonate alone as well 
as particularly increased printing glossiness can be obtained 



Table 1 





Solid 
concentration 
C by weight 


pH 


Viscosity 
cP 


H-qh- 
snear 
viscosity 
cP 


Median 
particle 
diameter 
urn 


BET 
specific 
surface 
area m^-g 


Wire 
abrasion 
rr:g 


Comparative 
Example 


1 


64 1 


10 2 


25 


200 < 


1 1 


Q 3 


25 




75 5 


10 


340 


200 < 


1 5 


7 1 





p nz\\c til. i moot broken 
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Table 1 (continued) 





Solid 
concentration 
°o by weight 


pH 


Viscosity 

CP 


High- 
shear 
viscosity 
cP 


Median 
particle 
diameter 
u m 


BET 
specific 
surface 
area m-- q 


Wire 
abrasion 
mq 


Example 


1 


/ D 


1 0 


45 


SO 


1 1 3 


5 9 


45 


2 


7^ £ 


1 0 1 


61 


69 


1 05 


9 5 


35 


3 


7^ £ 


1 0 1 


75 


45 


0 92 


10 




Comparative 
Example 


3 


63 8 


10 4 


31 


20 


0 85 


11 1 


20 


4 


75 6 


10 


45 


63 


2 2 


5 5 


) 


5 


75 5 


10 


70 


89 


1 55 


7 3 


) 


6 


75 3 


10 1 


105 


80 


1 4 


9.3 


) 


7 


75 4 


9 9 


194 


8 9 


1 18 


11 


80 


9 


69 2 


10 2 


125 


45 


1 05 


11 


60 



i plastic filament broken 



Table 2 





Solid concentration °o by 
weight 


PH 


Viscosity cP 


High-shear viscosity cP 


Comparative Example 


1 


55 0 


9.5 


61 


7 


2 


55.1 


9 5 


41 


6 


Example 


1 


54 9 


9 4 


35 


4 


2 


55 0 


9 5 


34 


4 


3 


55 0 


9 5 


34 


4 


Comparative Example 


3 


55 1 


9 5 


50 


5 


4 


55 0 


9 4 


32 


4 


5 


55 1 


9 5 


35 


4 


6 


55 1 


9 5 


40 


4 


7 


55 0 


95 


42 


4 


9 


54 9 


9 5 


45 


5 
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bxarnples 4 tc 6 and Comparative Examples 10 to 14 



A first aqueous slurry of kaolin of 75° u solid concentration was prepared by subjecting a blend of a Class 1 kaolin 
iUW-90) water and a dispersing agent i Alon T-40 supra) to a dispersing treatment in a cowless mixer for 20 minutes 
^ at a peripheral velocity cf 25 m/second A seconc aqueous slurry of kaolin of 75°o by weight solid concentration was 
prepared in the same manner as above excepting for the use of a Class 2 kaolin (HT grade) in place of the Class 1 kaclm 

A paper coating composition was prepared in each of Examples 4 to 6 and Comparative Examples 10 to 14 in the 
same formulation as in Comparative Example 1 excepting for replacement of 1 00 parts of the aqueous slurry of calcium 
carbonate used in each of Examples 1 to 3 and Comparative Examples 3 5 5 7 and 9 respectively with a mixture 
w of 60 parts of the same calcium carbonate slurry with each 30 parts of the above prepared first and second kaolin 
slurries and the solid concentration of the paper coating composition was 64°o by weight instead of 55% by weight 

The results of the evaluation tests undertaken for the paper coating composition and coated paper in each of these 
examples and comparative examples are summarized in Tab es 4 and 5 respectively 

? 5 Reference Example 1 

The exper imental procedure was substantially the same as in Example 4 except that the paper coating composition 
was prepared by replacing the aqueous slurry of calcium carbonate in Example 4 with a commercially available aqueous 
slurry of wet-ground calcium carbonate (Carbital 90 a product by ECC Co i 
20 The results of the evaluation tests for the paper coating composition prepared by using the slurry and the coated 

paper samples are shown in Tables 4 and 5 

Reference Example 2. 

25 The experimental procedure was substantially the same as in Example 4 except that the paper coating composition 

was prepared by replacing the aqueous slurry of calcium carbonate in E <ample 4 with a combination of the commercially 
available aqueous slurry of wet-ground calcium carbonate (Carbital 90 supra) and a commercially available aqueous 
slurry of precipitated calcium carbonate (TP-221GS a product by Okutama Kogyo Co ) in equal amounts 

The results of the evaluation tests for the paper coating composition prepared by using the slurry and the coated 

20 paper samples are shown in Tables 4 and 5 



Table 4 





Solid concentration °o by 
weight 


pH 


Viscosity. cP 


High-shear viscosity. cP 


Example 


4 


64 0 


9 5 


S70 


17 


5 


64 1 


9 5 


360 


17 


6 


64.1 


9 6 


910 


17 


Comparative Example 


10 


64 0 


9 4 


930 


21 


11 


63.9 


95 


750 


13 


12 


64 0 


9 5 


310 


17 


13 


64 1 


9.4 


340 


17 


14 


64 2 


9 5 


330 


20 


Reference Example 


1 


63 9 


9 5 


350 


17 


2 


54 0 


9 5 


570 


20 



50 



55 
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Claims 

1. A method for the preparation of an aqueous slurry of calcium carbonate particles which comprises the steps of 

ta) subjecting an aqueous slurry or a dehydrated wet cake of precipitated calcium carbonate particles with 
admixture of a viscosity-reducing agent having a solid concentration in the range from 25 to 75°o by weight 
to a primary dispersing treatment by using a mixer to such an extent that the calcium carbonate particles have 
a median diameter in the range from 0 2 to 3.0 urn and the slurry has a viscosity not exceeding ' 000 centipoise 
at 25 3 C 

(b) admixing the aqueous slurry with dry-ground calcium carbonate particles having a median diameter in the 
range from 1 5 to 30 0 urn in such an amount that the weight oroportion of the precipitated calcium carbonate 
to the ground calcium carbonate is in the range from 20:30 to 50 20 and the solid concentration of the aqueous 
slurry is in the range from 60 to 55°.: by weight: 

(c) subjecting the aqueous slurry to a secondary dispersing treatment by using a mixer to such an extent that 
the slurry has a viscosity not exceeding 1000 centipoise at 25 D C and 

(d) subjecting the aqueous slurry to a tertiary dispersing treatment in a sand grinding mill to such an extent 
that the median diameter of the calcium carbonate particles .s in the range from 0 2 to 2.0 urn 

2. The method for the preparation of an aqueous slurry of calcium carbonate particles as claimed in claim 1 in which 
the primary dispersing treatment anc the secondary dispersing treatment of the aqueous slurry are conducted in 
one and the same vessel 

3. The method for the preparation of an aqueous slurry of calcium carbonate particles as claimed in claim 1 in which 
the aqueous slurry of calc mm carbonate partic les is admixed with a viscosity-reducing agent prior to the secondary 
or tertiary dispersing treatment 

4. The method for the preparation of an aqueous slurry of calcium carbonate particles as claimed in claim 1 in which 
the secondary dispersing treatment of the aqueous slurry of calcium carbonate particles is performed to such an 
extent that the calcium carbonate particles have a specie surface area in the range from 3 to 1 5 m 2 <g 

5. The method for the preparation of an aqueous slurry of calcium carbonate particles as claimed in claim 1 in which 
the tertiary dispersing treatment of the aqueous slurry of ca.cium carbonate particles is performed to such an extent 
that the calcium carbonate particles have a specific surface area in the range from 5 to 25 m 2 /g 

6. An aqueous slurry of calcium carbonate particles containing from 70 to 35°o by weight of calcium carbonate par- 
ticles as a combination of precipitated calcium carbonate particles and ground calcum carbonate particles in a 
weight proportion in the range from 20:30 to 50:20 the calcium carbonate particles having median diameter in the 
range from 0.2 to 2 0 urn and a specific surface area in the range from 5 to 25 m 2 /'g and having a viscosity not 
exceeding 1000 centipoise at 25 3 C 

7. The aqueous slurry of calcium carbonate particles as claimed in claim 6 which has a high-shear viscosity not 
exceeding 200 centipoise at 25 = C 

8. The aqueous slurry of calcium carbonate particles as claimed in claim 6 in which the weight proportion of the 
precipitated calcium carbonate particles to the ground calcium carbonate particles is in the range from 51:49 to 
70:30 
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